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REMARKS 

The Office Action dated May 14, 2004 presents the examination 
of claims 2, 4, 6, 9, 14-19, and 21-24. No amendments are made 
herein, and no new matter is inserted into the application. 

Interview 

An interview was held with the Examiner at the United States 
Patent and Trademark Office on August 17, 2004. The Examiner's 
assistance in expediting prosecution of the present invention is 
very much appreciated. In the Interview Summary, the Examiner 
writes : 

Applicant argues that the cited references are not 
combinable, even if combined they would not teach the 
instant invention, and the invention produces unexpected 
results. Applicant will respond as such to the 
outstanding action for further consideration. 

The prior art and the obviousness rejections of record were 
discussed in detail during the interview. In particular, 
Applicants' representative stressed that the skilled artisan would 
not combine the cited references, and even if the cited references 
were hypothetically combined, they still would not render the 
present invention obvious. 
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Applicants respectfully submit that the following remarks 
present on the record a full response to the issues discussed 
during the interview, and clearly demonstrate that the present 
invention, as defined in the claims, is not obvious over the cited 
references, either alone or in combination. Therefore, Applicants 
respectfully request that the Examiner withdraw all rejections of 
record, and issue a Notice of Allowance indicating that claims 2, 
4, 6, 9, 14-19, and 21-24 are allowed. 

Request for Interview 

If, for any reason, entry of the instant Reply does not place 
the present application into condition for allowance, the Examiner 
is respectfully requested to contact Kristi L. Rupert, Ph.D. (Reg. 
No. 45,702) at the phone number of the undersigned below, to 
conduct a telephonic interview. 

Rejections under 35 U.S.C. § 103(a) 

Claims 2, 4, 6, 16, 17, 18, 22, and 23 are rejected under 35 
U.S.C. § 103(a) for allegedly being obvious over Gorski et al. 
{Clinical Chemistry, 43 (1) : 193-195, 1997) in view of Maatman et al. 
{Biochem. J. 288:285-290, 1992) and Simon et al. (J. Biol. Chem. 
272(16) :10652-10663, 1997). 
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Claim 9 is rejected under 35 U.S.C. § 103(a) for allegedly 
being obvious over Gorski et al - in view of Maatman et al. and 
Simon et al., and further in view of Kimura et al. (J. Biol. Chem. , 
266(9) 15963-5972, 1991) . 

Claims 19 and 21 are rejected under 35 U.S.C. § 103(a) for 
allegedly being obvious over Gorski et al . in view of Maatman et 
al . and Simon et al., and further in view of Galaske et al. 
(Pflugers Archives Euro. J. Physiol., 375 (3) : 269-277, 1978). 

Claims 14 and 15 are rejected under 35 U.S.C. § 103(a) for 
allegedly being obvious over Gorski et al. in view of Maatman et 
al. and Simon et al., and further in view of Zuk et al . (United 
States Patent No. 4,281,061). 

Applicants respectfully traverse the rejections under 35 
U.S.C. § 103(a). Reconsideration of the claims and withdrawal of 
the instant rejection are respectfully requested. 

I. THE PRESENT INVENTION 

The present invention is directed to a method for diagnosis or 
prognosis of kidney disease in humans by detecting liver-type fatty 
acid binding protein (L-FABP) contained in a specimen collected 
from a human. The cited references do not teach or even suggest 
such a method for diagnosis or prognosis of kidney disease. 
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II. THE CITED PRIMARY REFERENCES 

Gorski et al. discloses that plasma FABP concentration is 
markedly increased in patients with chronic renal failure-. However, 
the study by Gorski et al- focused specifically on heart-type FABP 
(H-FABP) as a marker for myocardial infarction. As such, the FABP 
studied by Gorski et al. is H-FABP rather than L-FABP. 1 Gorski et 
al. fails to teach or suggest the diagnosis or prognosis of kidney 
disease in humans by the detection of L-FABP. 

Maatman et al. discloses the existence of L-FABP and H-FABP in 
human kidneys, and further discloses that L-FABP may participate in 
the renal excretion of metabolites and may inhibit nephrotoxicity 
by binding with drugs. However, Maatman et al. fails to teach or 
suggest the diagnosis or prognosis of kidney disease in humans by 
the detection of L-FABP. 

Simon et al. utilizes L-FABP as a model for investigating the 
molecular mechanisms that regulate gene transcription within and 
between epithelial cells that line the intestine and the nephrons 
of the kidney. Simon et al. discloses that a specific DNA sequence 
(i.e., a heptad repeat) existing in the upstream region of the L- 
FABP gene forms stable complexes with nuclear proteins in gel 
mobility shift assays. However, Simon et al . fails to teach or 

1 The disclosure of H-FABP in Gorski et al. and the differences between H-FABP 
and L-FABP are discussed in detail in Appendix I, attached hereto. 
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suggest the diagnosis or prognosis of kidney disease in humans by 
the detection of L-FABP. 

II J. BASIC REQUIREMENTS OF A PRIMA FACIE CASE OF OBVIOUSNESS 

In order to establish a prima facie case of obviousness , three 
basic criteria must be met. First, there must be some suggestion or 
motivation for the skilled artisan to combine reference teachings. 
Second, there must be a reasonable expectation of success. Third, 
the prior art references, once combined, must teach or suggest all 
of the claim limitations. U.S. Pat. & Trademark Off., Manual Pat. 
Examining Proc . § 2142 (8 th ed. Rev. 2 2004) . The suggestion or 
motivation to make the claimed combination and the reasonable 
expectation of success must both be found in the prior art, and not 
based on applicant's disclosure. In re Vaeck , 947 F.2d 488 (Fed. 
Cir. 1991) . 

In the instant case, the Examiner has failed to make a prima 
facie case of obviousness. As discussed in detail below, the 
skilled artisan would not be motivated to combine the cited 
reference, nor would there be any reasonable expectation of 
success. Finally, even if all of the references were 

hypothetically combined, the combination thereof would still fail 
to teach all of the claim limitations of the instant claims. 
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IV. LACK OF MOTIVATION TO COMBINE GORSKI ET AL. , MAATMAN ET AL. , 
AND SIMON ET AL. 

IV (A) . THE EXAMINER'S RATIONALE TO COMBINE IS IMPROPER 

As rationale for combining the Gorski et al., Maatman et al., 

and Simon et al. references, the Examiner writes, 

It would have been obvious to one of ordinary skill in 
the art at the time the invention was made to use the 
liver-type fatty acid binding protein as taught by 
Maatman et al., having proven function in the kidney 
(nephron) as taught by Simon et al. to detect the 
specific kidney diseases relating to FABP in the method 
of Gorski et al . because Maatman et al. taught that "the 
liver-type FABP binds various ligands and may be involved 
in the renal excretion of exogenous and endogenous 
nephrotoxicity." (See, page 4 of the Office Action) . 

Applicants respectfully disagree that the skilled artisan would 

be motivated to combine the references as stated by the Examiner. 

In this regard, the Examiner's reliance on the quoted statement 

above by Maatman et al. to provide the requisite motivation is 

improper. The comments by Maatman et al., when not taken in 

isolation, only provide mere speculation as to the physiological 

relevance of L-FABP. Specifically, Maatman et al . states, 

We can only speculate on the physiological relevance of 
the two FABP types in kidneys. The liver-type FABP binds 
various ligands and may be involved in the renal 
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excretion of exogenous and endogenous metabolites. The 
liver-type FABP also binds some drugs [2,3], and may in 
this way prevent nephrotoxicity. 

See, page 289, right column, lines 4-9. 

From the above passage, it is clear that Maatman et al . 
speculates that L-FAPB may prevent nephrotoxicity by binding to 
drugs and causing their excretion from the liver. This speculation 
does not in any way suggest that there is a correlation between the 
levels of L-FABP in a human specimen and the diagnosis of kidney 
diseases. In other words, a possible function for L-FABP in the 
kidney does not shed light on the normal or abnormal levels of FABP 
in a human specimen. 

As such, it cannot be predicted from Maatman et al. that kidney 
disease can be diagnosed by detecting L-FABP in a human specimen. 
Therefore, contrary to the Examiner's remarks, Maatman et al. does 
not provide any motivation whatsoever for the skilled artisan to use 
L-FABP to diagnose or prognose kidney disease in the method of 
Gorski et al. 

IV (B) . SIMON ET AL. FAILS TO REMEDY THE LACK OF MOTIVATION 

The fact that Maatman et al. merely speculates as to the 
function of L-FAPB may prevent nephrotoxicity by binding to drugs 
and causing their excretion from the liver, and that this 
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speculation does not in any way suggest that there is a correlation 
between the levels of L-FABP and the diagnosis of kidney diseases 
was pointed out to the Examiner in the Reply filed on July 22 , 2003. 

In order to make up for the deficiencies of Maatman et al., the 
Examiner adds the new reference of Simon et al. to the combination 
of Gorski et al. and Maatman et al. In particular, the Examiner 
relies on Simon et al. to teach "experimental analysis of liver 
fatty acid binding protein and its function to suppress expression 
in the proximal nephron (kidney)." See, page 9 of the Office 
Action. Further, on page 4 of the Office Action, the Examiner states 
that Simon et al. demonstrates that L-FABP mediates suppression in 
the stomach, liver, and kidney, and "represents a target for 
identifying transcription factors that regulate gene expression." 

Simon et al . utilizes L-FABP as a model for investigating the 
molecular mechanisms that regulate gene transcription within and 
between epithelial cells that line the intestine and the nephrons 
of the kidney. Simon et al. discloses that a DNA sequence existing 
in the upstream region of the L-FABP gene (which includes a 
sequence designated as "heptad repeat") has a function of 
inhibiting expression of L-FABP in mouse kidney (more specifically, 
tubular epithelial cells of the proximal nephron) and other organs 
by binding nucleic protein. Simon et al. suggests that the "heptad 
repeat" represents a target for identifying transcription factors 
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that regulate gene expression. See, page 10662, left column, lines 

4-3 from the bottom of Simon et al. 

However, Simon et al. merely provides a basic finding 

concerning control of transcription of L-FABP gene. Applicants 

note that, in a general sense, it is known in the art of 

biochemistry that gene expression is modulated up and down by 

transcription factors. In this regard, it is well known in the art 

that many genes contain binding sites for transcription factors, 

but the discovery of these sites, without more, does not reveal the 

function of these genes. The Examiner's rationale appears to be 

that it would have been "obvious to try" L-FABP as a marker for 

kidney disease since the expression of L-FABP is modulated in the 

kidney. Such a rationale is clearly improper: 

The admonition that "obvious to try" is not the standard 
under § 103 has been directed mainly at two kinds of 
error.... [W]hat was "obvious to try" was to explore a new 
technology or general approach that seemed to be a 
promising field of experimentation, where the prior art 
gave only general guidance as to the particular form of 
the claimed invention or how to achieve it. 

In re O'Farrell , 853 F.2d 894, 903 (Fed. Cir. 1988). In the 
instant case, Simon's discovery of a heptad repeat in the 
nucleotide sequence of L-FABP merely presents a field of 
experimentation for the role of L-FABP in the kidney. Simon's 
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discovery does not, on the other hand, disclose or suggest a role 
for L-FABP in kidney diseases, Simon et al. does not even provide 
general guidance as to a function, if any, of L-FABP in the kidney. 
In other words, Simon et al. does not make any connection between 
an increase in L-FABP protein and kidney disease. 

For these reasons, the Examiner's combination of Simon et al. 
with Gorski et al. and Maatman et al. is improper. The skilled 
artisan simply has no motivation to combine these references. 
Further, the skilled artisan would never predict from Simon et al. 
the relationship between L-FABP and the diagnosis or prognosis of 
kidney disease, even in combination with the other cited 
references . 

IV (C) . GORSKI ET AL. TEACHES AWAY FROM THE PRESENT INVENTION 

Finally, there is no motivation for the skilled artisan to 
combine the references, because Gorski et al. teaches away from the 
present invention. The Examiner is reminded that it is well settled 
in patent law that it is improper to combine references where the 
references teach away from their combination. In re Grasselli , 713 
F.2d 731 (Fed. Cir. 1983) . As discussed in detail below, Gorski et 
al. teaches away from the present invention in two distinct and 
powerful ways. First, Gorski et al. teaches the skilled artisan 
away from use of L-FABP as a marker for kidney disease. Second, 



11 



Appl. No. 09/578,693 

Gorski et al. teaches the skilled artisan away from replacing the H- 
FABP disclosed therein with the L-FABP disclosed in Maatman et al. 
As such, the skilled artisan would not be motivated to combine 
Gorski et al. with the other cited references. 

IV(C) (i) . Gorski et al. teaches away from use of FABP as a marker 
for kidney disease 

In discussing Gorski et al., the Examiner writes, "Plasma FABP 
concentration is shown to markedly increase in patients with chronic 
renal failure. The findings suggest that the kidney plays a 
dominant role in the clearance of plasma FABP (citations omitted)." 
See, page 4, lines 1-3 of the Office Action. In doing so, the 
Examiner implies that Gorski et al. teaches that FABP may be used as 
a marker for kidney disease. Applicants respectfully disagree. 
Gorski et al. provides no suggestion whatsoever that FABP may be 
used as a diagnostic marker for kidney disease, and further teaches 
away from using a FABP as a marker for any disease other than 
myocardial infarction . 

As discussed in detail in Appendix I, the FABP studied by 
Gorski et al. is H-FABP. Gorski et al. discloses that H-FABP is 
released from the heart after the onset of infarction. Based upon 
this finding, Gorski et al. suggests that H-FABP can serve as a 
marker for diagnosis of myocardial infarction. However, there is no 
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suggestion at all in Gorski et al. that FABP may serve as a marker 

for any other disease. In fact, throughout the description of Gorski 

et al., from the object of the study to the conclusion, only H-FABP 

is treated as a marker for myocardial infarction. Accordingly, 

there is no suggestion for using FABP in the diagnosis or prognosis 

of kidney disease in humans. 

On page 193, right column, lines 7-2 from the bottom, Gorski et 

al. discusses the "usefulness of the plasma FABP 2 concentration as an 

early biochemical marker for myocardial infarction diagnosis", and 

then, on page 194, left column, lines 4-8, discusses the object of 

the study: "It is obvious that any change in the clearance rate of 

FABP 3 would affect its plasma concentration, and thus may lead to 

erroneous interpretation." The skilled artisan would understand 

that the "erroneous interpretation" referred to in the above 

sentence means an erroneous interpretation in the diagnosis of 

myocardial infarction. On page 194, left column, lines 18-30, 

Gorski et al . further discloses: 

Unfortunately, preinf arcation data on plasma FABP 4 in this 
patient were not available. Low-molecular-mass proteins 
such as FABP 5 and myoglobin are cleared mostly by the 
kidney. As it remains an open question whether, and, if 
so, to what extent and insufficiency of the kidneys 

2 The FABP referred to here by Gorski et al. is H-FABP. 

3 The FABP referred to here by Gorski et al. is H-FABP. 

4 The FABP referred to here by Gorski et al. is H-FABP. 
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affects the plasma FABP 6 concentration in patients with 
heart and skeletal muscles intact, we studied plasma FABP 7 
and myoglobin in patients with chronic renal failure. 

As is clear from the above disclosures, Gorski's object in 
measuring H-FABP in the plasma was to obtain an answer to the 
question of "whether, and, if so to what extent, an insufficiency of 
the kidneys" affects the plasma H-FABP concentration in order to 
prevent an erroneous interpretation in the diagnosis of myocardial 
infarction in patients with renal insufficiency (e.g., patients with 
chronic renal failure) . Furthermore, in discussing the data shown 
in Table 1 (page 194), Gorski et al. states, "The present data are 
first to show that plasma FABP 8 concentration is markedly increased 
in patients with chronic renal failure and normal heart function, 
similar to that found for myoglobin...," and "[t]hese findings suggest 
that the kidneys play a more dominant role in the clearance of 
plasma FABP 9 than of myoglobin." See, page 194, right column, lines 
15-20 and page 194, right column, lines 35-38, respectively. 

Thus, contrary to the Examiner's statements, Gorski's findings 
do not suggest that the kidney plays a dominant role in the 
clearance of L-FABP. Instead, Gorski et al. merely states that that 
the value of plasma H-FABP is increased in patients with renal 

5 The FABP referred to here by Gorski et al. is H-FABP. 

6 The FABP referred to here by Gorski et al. is H-FABP . 

7 The FABP referred to here by Gorski et al. is H-FABP, 
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failure, and that this value is more affected by renal insufficiency 
than that of myoglobin. Gorski et al. concludes that clearance of 
H-FABP by the kidneys could produce a false diagnosis of myocardial 
infarction. As such, Gorski et al. teaches the skilled artisan away 
from using FABP as a marker for any kidney disease, since it is 
unknown how the kidneys would affect the concentration of other 
FABPs (i.e., non-H-FABP types) in the plasma. Accordingly, the 
Examiner's implication that Gorski et al. teaches that FABP may be 
used as a marker for kidney disease is clearly erroneous. 

IV(C)(ii). Gorski et al. teaches the skilled artisan away from 
replacing the H-FABP disclosed therein with the L-FABP disclosed in 
Maatman et al. 

Further, the skilled artisan would not be motivated to replace 
the H-FABP disclosed in Gorski et al. with the L-FABP used in the 
present invention, because Gorski et al . explicitly teaches that 
there is no correlation between the concentration of FABP and other 
well known kidney disease markers, such as urea and creatinine. 

Specifically, on page 194, right column, lines 10-14, Gorski et 
al. states, "Neither plasma FABP 10 nor plasma myoglobin 
concentrations showed a correlation with the period of dialysis or 

8 The FABP referred to here by Gorski et al. is H-FABP . 

9 The FABP referred to here by Gorski et al. is H-FABP. 

10 The FABP referred to here by Gorski et al. is H-FABP. 
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urea or creatinine concentration in plasma (emphasis added) . " It is 

well known in the art that creatinine and urea are widely used as 

markers for testing kidney sufficiency. Any person skilled in the 

art could easily extrapolate from the findings of Gorski et al. that 

there is no correlation between H-FABP levels in plasma and kidney 

disease, let alone L-FABP levels and kidney disease. Thus, the 

skilled artisan is taught away from using FABP as a marker for 

kidney disease. 

It should also be noted that Gorski et al. concludes: 

Serial monitoring of the plasma FABP 11 concentration can 
also be used to estimate infarct size. However, our 
results indicate that if the myocardial infarction 
occurred in a patient with chronic renal failure, the 
plasma FABP 12 concentration would be relatively higher 
than in a patient with intact kidneys, thus leading to 
overestimation of infarct size. ..In conclusion, our data 
indicates that in patients with chronic renal failure the 
plasma concentrations of the biochemical markers FABP 13 
and myoglobin each are markedly increased. Thus, caution 
must be taken when using these marker proteins for early 
diagnosis of myocardial infarction, in case of renal 
insufficiency, as the preinfart plasma concentration is 
very likely to be already high. 

See, page 195, left column, lines 12-35. 



11 The FABP referred to here by Gorski et al. is H-FABP. 

12 The FABP referred to here by Gorski et al. is H-FABP. 

13 The FABP referred to here by Gorski et al. is H-FABP. 
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As is clear from this passage, Gorski's conclusions only speak 
to the correlation between H-FABP and the diagnosis of myocardial 
infarction, and the use of H-FABP as a marker for myocardial 
infarction. In other words, there is simply no suggestion to use 
FABP (either H-FABP or L-FABP) as a marker for the diagnosis or 
prognosis of kidney disease in humans. Further, given the lack of 
correlation between creatinine and urea levels with FABP, the 
skilled artisan would not be motivated to change the subject matter 
of Gorski's study from "diagnosis of myocardial infarction" to 
"diagnosis of kidney disease" either. Thus, Gorski et al. merely 
discloses or suggests the diagnosis of myocardial infarction using 
H-FABP as a marker, but never teaches or suggests using any FABP in 
the diagnosis of any other disease, such as kidney disease. 

IV(D) . SUMMARY 

In summary, there is no motivation for the skilled artisan to 
combine the primary references relied upon by the Examiner (i.e., 
Gorski et al., Maatman et al., and Simon et al.). None of the 
references suggest a role for FABP (whether L-FABP or H-FABP) in 
the diagnosis or prognosis of kidney disease. Thus, even if the 
references were combined, for example by replacing the H-FABP of 
Gorski et al. with the L-FABP of the Maatman et al. or Simon et 
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al., the skilled artisan would not end up with the method of the 
present invention. Specif ically, since none of the references 
suggest a correlation between kidney disease and L-FABP, and given 
the fact that Gorski et al. teaches away from use of FABP as a 
marker for diseases other than myocardial infarction, the skilled 
artisan would never reach the idea of the present invention. 

(V) NO REASONABLE EXPECTATION OF SUCCESS DUE TO DIFFICULTY IN 
REPLACING H-FABP WITH L-FABP 

On page 4, lines 4-7 of the Office Action, the Examiner 
writes, "Gorski et al. differ from the instant invention in not 
specifically teaching the detection of liver-type fatty acid 
binding protein. However, Maatman et al. identified the liver-type 
fatty acid binding protein utilized in the instant invention." The 
Examiner proceeds to replace the H-FABP disclosed in Gorski et al . 
with the L-FABP disclosed in Maatman et al. 

The Examiner' s "picking and choosing" of L-FABP to replace H- 
FABP of Gorski et al. is clearly improper. The Examiner is reminded 
that it is well settled in patent law that there must be some 
motivation to combine the references, either from the nature of the 
problem to be solved, the teachings of the prior art, and/or the 
knowledge of persons of ordinary skill in the art. In re Roufett , 
149 F.3d 1350 (Fed. Cir. 1998). Further, the fact that references 
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could be combined or modified is not proper motivation. Instead, 
the prior art must suggest the desirability of the combination. In 
re Mills , 916 F.2d 680 (Fed. Cir. 1990). 

Given the disclosure of Gorski et al., no person skilled in 
the art would have ever replaced H-FABP in Gorski et al. with L- 
FABP. As discussed above, Gorski et al. states on page 194, right 
column, lines 35-38, "These findings suggest that the kidneys play 
a more dominant role in the clearance of plasma FABP 14 than of 
myoglobin." The skilled artisan would understand from this 
statement that, even with proteins having a similar molecular 
weight such as H-FABP and myoglobin, clearance thereof in the 
kidney is not necessarily the same or similar. Accordingly, the 
skilled artisan would not be motivated to replace the H-FABP of 
Gorski et al. with another FABP. 

Further, it would be difficult, if not impossible, to predict 
any success in the use of the L-FABP in the diagnosis of kidney 
disease in humans. In this regard, Applicants respectfully point 
out that it has been well known in the art for long time that the 
kidney participates in the clearance of not only H-FABP but also 
other low molecular weight proteins. This fact is also mentioned 
in Gorski et al . , who states, " [L] ow-molecular-mass proteins such 
as FABP and myoglobin are cleared mostly by the kidney." See, page 
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194, left column, lines 20-23. Nevertheless, a satisfactory test 
method suitable for the diagnosis or prognosis of kidney disease 
has never been found. 

Under these circumstances, the present inventors have 
intensively studied and have newly found that the occurrence of the 
L-FABP derived from the proximal tubule of the kidney is closely 
correlated with kidney disease. By focusing on L-FABP, a new 
method for the diagnosis or prognosis of kidney diseases was 
established. The method for the diagnosis of kidney disease 
according to the present invention is very important and very 
valuable in the determination of the most suitable therapeutic 
method for the treatment of kidney disease, such as steroid 
therapy, which is sometimes associated with undesirable side 
effects. Furthermore, the present invention can effectively be 
applied to the prognosis of kidney disease, which has hitherto been 
difficult by known methods. Such excellent effects of the present 
invention have never been taught or even suggested by the cited 
references . 

(VI) UNEXPECTED SUPERIOR EFFECTS OF THE PRESENT INVENTION 

As discussed above, it has been well known in the art for a 
long time that the kidney participates in clearance of low 

14 The FABP referred to here by Gorski et al. is H-FABP . 
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molecular proteins. However, it does not follow that those low 
molecular proteins can be used as a marker for diagnosis of kidney 
disease. In fact, only a few materials have been shown to be 
useful as a marker for diagnosis of kidney disease. These are, for 
example, creatinine, urea nitrogen, total urinary protein, NAG (N- 
acetyl-B-D-glucosamidase) , etc. Accordingly, there has been a 
long-standing need in the art to develop a new method for diagnosis 
of kidney disease. Further, since the prognosis of kidney disease 
is very important for determining the most suitable method for 
treatment, a new method for the prognosis has earnestly been 
desired in the art. Nevertheless, no satisfactory method for the 
diagnosis or prognosis of kidney disease has ever been disclosed 
prior to the filing of the present patent application. In fact, 
the present invention can be used for the prognosis of kidney 
disease, which hitherto has been very difficult. Hence, the present 
invention is extremely effective and useful in a practical 
standpoint . 

The effectiveness and usefulness of the present invention are 
clear from the data published in Kamijo et al. (J. Lab. Clin, Med. 
143(1); 23-30, 2004). The Examiner will recall that Kamijo et al. 
was discussed during the interview; a copy thereof is attached 
hereto as Exhibit 1. 
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The clinical test results of the present invention in patients 
with chronic renal disease are shown in Table III and page 26, left 
column, last line to the right column, line 8 of Kamijo et al., 
wherein the correlation of the method of the present invention with 
the progression rate of renal disease was statistically analyzed. 
The "F ratio" in Table III means correlation with "progression 
rate." This means that the larger the F ratio, the stronger the 
correlation. As is clear from the test results, among various 
diagnostic markers, only L-FABP had a statistically significant 
high F ratio, which proves that L-FABP has a very strong 
correlation with the progression rate of renal disease. 

In the abstract, Kamijo et al. states, "The results showed 
that urinary L-FABP reflected the clinical prognosis of chronic 
renal disease. Urinary L-FABP may be a clinical marker that can 
help predict the progression of chronic glomerular disease." See, 
page 23, abstract, lines 19-22. Thus, it has been confirmed that 
the method of the present invention is superior and can also be 
applied to prognosis of kidney disease. 

(VIII) REJECTIONS OF CLAIMS 9, 14, 15, 19, AND 21 

Kimura et al. discloses merely that male rat kidney contains 
H-FABP and a protein obtained by modifying a2u-globulin . Galaske 
et al. is concerned with a model for anti-GBM nephritis and 
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discloses a method for preparing the model for nephritis. Finally, 
Zuk et al. is concerned with an immunoassay for detecting organic 
materials and discloses reagents or kits for the assay. 

As discussed above, the present invention is not obvious over 
the primary combination of Gorski et al., Maatman et al. and Simon 
et al. The addition of Kimura et al., Galaske et al., and/or Zuk et 
al. fails to remedy the deficiencies of the primary references. 
Specifically, the additional references do not teach or suggest the 
use of L-FABP for diagnosis or prognosis of kidney disease, even 
when combined with the primary references. Thus, the present 
invention is not obvious over the combination references. 

(IX) RESPONSE TO ARGUMENTS 

On page 9 of the Office Action, the Examiner states, "In 
response to applicant's arguments against the references 
individually, one cannot show nonobviousness by attacking 
references individually where the rejections are based on 
combinations of references." Applicants agree that, when an 
obviousness rejection is based upon a combination of references, 
nonobviousness is properly shown only over the combination of 
references. In re Keller , 642 F.2d 413 (CCPA 1981). The Examiner's 
reliance on In re Keller in the instant application is misplaced 
however. 
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In In re Keller , the United States Court of Customs and Patent 
Appeals upheld the rejection of the claims of reissue application 
serial No. 865,610 for being obviousness over a combination of 
Keller and Walsh and/or Berkovits and Walsh. To rebut the prima 
facie case of obviousness established by the examiner, appellant 
filed an affidavit by an expert in the relevant field of art 
attacking only the secondary Walsh reference. Appellant offered no 
other rebuttal evidence. The court reasoned that Appellant failed 
to rebut the prima facie case of obviousness because the expert 
affidavit was only concerned with whether the Walsh reference 
suggested the reissue invention, rather than whether Keller in view 
of Walsh or Berkovits in view of Walsh references suggested the 
invention of the reissue application. In doing so, the court 
pronounced, M [0]ne cannot show non-obviousness by attacking 
references individually where, as here, the rejections are based on 
a combination of references." Id. at 426. 

It must be noted, however, that the court emphasized that the 
examiner had already established a prima facie case of obviousness 
because the references were properly combined. Id. at 425. As 
such, a proper response to an examiner's obviousness rejection may 
include arguments that an examiner has failed to establish a prima 
facie case of obviousness because there is no suggestion or 
motivation to combine the references in the first place. "In 
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determining the propriety of the Patent Office case for obviousness 
in the first instance, it is necessary to ascertain whether or not 
the reference teachings would appear to be sufficient for one of 
ordinary skill in the relevant art having the reference before him 
to make the proposed substitution, combination, or other 
modification (emphasis added)." In re Linter , 458 F.2d, 1013, 1016 
(CCPA 1972) . In such a situation, it is proper to discuss the 
disclosure of each reference individually in order to argue that 
the skilled artisan would not combine the references in the first 
place. "Facts established by rebuttal evidence must be evaluated 
along with the facts on which the conclusion of obviousness was 
reached, not against the conclusion itself." U.S. Pat. & Trademark 
Off., Manual Pat. Examining Proc . § 2142 (8 th ed. Rev. 2 2004). 

In summary, therefore, Applicants respectfully disagree that 
the arguments submitted in the Reply under 37 C.F.R. § 1.111 filed 
on July 22, 2003 are improper. Specifically, Applicants disagree 
that the skilled artisan would be motivated to combine the Maatman 
et al . and Gorski et al. references. For all of the reasons 
discussed below, it is apparent that the skilled artisan would not 
be motivated to combine the references cited by the Examiner, and 
further, that even a combination thereof would still fail to 
disclose or suggest the present invention. 
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Summary 

Applicants respectfully submit that the above remarks fully 
address and overcome the outstanding rejections. For the foregoing 
reasons, Applicants respectfully request the Examiner to withdraw 
all of the outstanding rejections, and to issue a Notice of 
Allowance indicating the patentability of the present claims. 
Early and favorable action of the merits of the present application 
is thereby respectfully requested. 

Pursuant to the provisions of 37 C.F.R. §§ 1.17 and 1.136(a), 
the Applicants hereby petition for an extension of two (2) months to 
October 14, 2004, in which to file a reply to the Office Action. 
The required fee of $430.00 is enclosed herewith. 

If necessary, the Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2448 for any additional fees 
required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17; 
particularly, extension of time fees. 

Respectfully submitted, 

BIRCH, STEWART, KOLASCH & BIRCH, LLP 



y j* ^raltf W 7/4urphy, Jr/,/^28, 977 

M P.O. Box/ 74/ 

GMM/KLR Falls CHurcW, VA 220^0-^747 

0020-4710P (703) 205-8000 

Attachments : 

Appendix I 

Kamijo et al., J. Lab. Clin. Med., 143:23-30, 2004 

(Exhibit 1) 
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APPENDIX 1 

As discussed in detail in the Reply under 37 C.F.R. § 1-111 
filed on July 22, 2003 and during the interview held on August 17, 
2004 , the fatty acid-binding protein (FABP) of Gorski et al. is H- 
FABP (heart-type FABP) , which is clearly distinguishable from L- 
FABP (liver-type FABP) of the present invention. During the 
interview, the Examiner requested that the differences between H- 
FABP and L-FABP be clearly presented in the record. The following 
discussion therefore is in response to the Examiner's request. 

(1) FABP in Gorski et al. is heart-type FABP 

From the very opening phrase of Gorski et al., it is clear 

that the FABP disclosed therein is H-FABP: 

The soluble cytoplasm of most cells contains low- 
molecular-mass (14-15 kDa) proteins able to bind long- 
chain unesterified fatty acids. Of these so-called fatty 
acid-binding proteins (FABP), nine different types have 
been identified [1, 2] . Heart and skeletal muscles 
contain the same type of FABP (referred to as heart-type 

(H) -FABP [1, 2], but its concentration in the heart is 
several fold higher than that in the skeletal muscles 

[3] . The concentration of FABP in the plasma of healthy 
persons is relatively low (2-6 p • L" 1 ) [4 ] . FABP is 
released from the heart early after the onset of 
infarction, whereafter its plasma concentration increases 
many fold [3-6] . Increased excretion of FABP in urine 
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also occurs after infarction [5,7]. Several recent 
studies indicate the usefulness of the plasma FABP 
concentration as an early biochemical marker for 
myocardial infarction diagnosis [3,5,7]. 

See, page 193, right column (emphasis added) . 

As is clear from this opening passage, the FABP focused on by 
Gorski et al. is an FABP which functions as a marker for myocardial 
infarction diagnosis and is released from the heart after the onset 
of infarction. This FABP is an FABP existing in the heart, that 
is, H-FABP. Thus, the skilled artisan can readily understand that 
Gorski et al. is directed to the study of H-FABP as a marker for 
myocardial infarction . 

Further, it is clear that the FABP studied by Gorski et al. is 
H-FABP in view of the method used by Gorski et al. to measure FABP. 
Specifically, on page 194, middle column, lines 13-15, Gorski et 
al. describes the experimental method as, "Plasma FABP 
concentration as measured by a sensitive noncompetitive sandwich 
ELISA [4] (emphasis added)." The reference [4] cited by Gorski et 
al. is Wodzig et al, Ann. Clin. Biochem., 34:263-268, 1997. 15 



15 Wodzig et al. was submitted as Exhibit 1 attached to the Reply filed on July 
22, 2003, and has already been disclosed in an Information Disclosure Statement 
filed on October 3, 2002. Thus, another copy of Wodzig et al. is not attached 
hereto. If the Examiner needs another copy of Wodzig et al., however, she is 
respectfully requested to contact the undersigned. 
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In Wodzig et al., the method for measuring plasma FABP is 
disclosed. Specifically, in the summary, pages 1-3, Wodzig et al. 
discloses : 

To allow a more rapid determination of heart-type fatty 
acid-binding protein (FABP) concentration in plasma a 
direct non-competitive (sandwich -type) ELISA was 
developed which uses high-affinity monoclonal antibodies 
to FABP (emphasis added) . 
Furthermore, on page 264, left column, lines 27-43, Wodzig et al. 

adds : 

For measurement of FABP in serum or plasma, a direct non- 
competitive ELISA of the antigen capture type (sandwich 
ELISA) was developed, based on the use of monoclonal 
antibodies (mAb) . Thirteen mAbs, all of subtype IgGl and 
directed against purified human heart- type FABP were 
raised by the classical hybridoma technology and 
characterized by surface plasma resonance analysis using 
a Pharmacia BIA core biosensor, as described in detail 
elsewhere. The mAbs recognized five distinct (three 
independent and two overlapping) epitopes on human FABP 
and showed no cross-reactivity with human intestinal-type 
and human live- type FABP. Seven of the mAbs were 
selected... (emphasis added) . 

As noted in the above passage, the monoclonal antibodies 
(mAbs) utilized in the non-competitive sandwich ELISA are directed 
against human H-FABP. These monoclonal antibodies show no cross- 
reactivity with human L-FABP. Thus, the direct non-competitive 
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(sandwich-type) ELISA disclosed in Wodzig et al. and utilized by 
Gorski et al . measures only H-FABP concentration in plasma. In 
other words, since the monoclonal antibodies do not cross-react 
with L-FABP, it is not possible to measure L-FABP with this method. 
In view of Wodzig et al., therefore, the "FABP" referred to by 
Gorski et al. is clearly H-FABP. 



(2) Differences between H-FABP and L-FABP 

H-FABP and L-FABP are clearly different proteins and are 
recognized by the skilled artisan as such, for reasons summarized 



in the following table. 





L-FABP 
(LIVER-TYPE FABP) 


H-FABP 
(HEART-TYPE FABP) 


Proteins and 
genes 


L-FABP, H-FABP, and other FABPs are each different 
proteins, having an amino acid sequence homology of only 
about 38 to 70%; It is also well known that they have 
different nucleotide sequences. 


Tissue occurrence 


liver, intestine, kidney, etc. 


heart, skeletal muscle, 
kidney, etc. 


Expression in the 
kidney (cf. 
Example 3 and 
Fig. 1 of the 
instant 
specification) 


In human kidney tissue, L-FABP 
exists at the proximal tubule. 


In human kidney tissue, 
H-FABP exists mainly at 
the distal tubule. 



These differences in H-FABP and L-FABP are supported by Van 
Nieuwenhovern et al., Lipids, Vol. 31 Suppl : S223-S227, 1996 (cited 
as [2] in Gorski et al.) and Veerkamp et al., Prog. Lipid Res., 
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34(1)117-52, 1995. 16 Van Nieuwenhovern et al. lists the various 
FABPs on page s225, Table 2. Veerkamp et al. lists the various 
FABPs on page 21, Table 3. In both of these tables, H-FAPB and L- 
FABP are classified as different proteins. Furthermore, Veerkamp et 
al. discloses the amino acid sequence alignment between human 
heart-type FABP and human liver-type FABP on page 23, Figure 2. It 
is clear from the alignment that the two FABP proteins do not share 
a high homology. 

(3) Summary 

In summary, it shall be understood by the skilled artisan that 
the FABP measured by noncompetitive sandwich ELISA and discussed in 
the experimental results of Gorski et al. is H-FABP, even though 
Gorski et al . merely refers to the H-FABP as simply "FABP." 
Accordingly, it is clear that the H-FABP studied by Gorski et al. 
is clearly different from the L-FABP to be measured by the present 
invention. 



Both of these journal articles have already been made of record in the present 
application in an Information Disclosure Statement (IDS) and attached as Exhibits 
2 and 3, respectively, to the Reply filed on July 22, 2003. Thus, copies of these 
articles are not attached hereto. If the Examiner needs copies of these 
articles, however, she is respectfully requested to contact the undersigned. 



Urinary fatty acid- binding protein as a new clinical 
marker of the progression of chronic renal disease 



ATSUKO KAMIJO, KENJIRO KIMURA, TAKESHI SUGAYA, MASAYA YAMANOUCHI, 
AKIHISA HIKAWA, NORIHITO HIRANO, YASUNOBU HI RATA, ATSUO GOTO, and 
MASAO OMATA 

TOKYO, KAWASAKI, OSAKA, and TOCHIGI, JAPAN 



Previous studies have indicated that in massive proteinuria, free fatty acids (FFAs) 
bound to albumin were overloaded in the proximal tubule and exacerbated tubu- 
lointerstitial damage. Liver-type fatty acid- binding protein (L-FABP) is an intracel- 
lular carrier protein of FFAs that is expressed in the proximal tubule of human kidney. 
We sought to evaluate urinary L-FABP as a clinical marker in chronic renal disease. 
Urinary L-FABP was measured in patients with nondiabetic chronic renal disease (n 
= 120) with the use of a newly established ELISA method. We then monitored these 
patients for 15 to 51 months. Clinical data were analyzed with multivariate analysis. 
Urinary L-FABP was correlated with urinary protein, urinary a, -microglobulin, and 
serum creatinine concentrations. Urinary L-FABP at the start of follow-up (F = 17.1, r 
= .36, P < .0001) was selected as a significant clinical factor correlated with the 
progression rate, defined as a slope of a reciprocal of serum creatinine over time. 
We next selected the patients with mild renal dysfunction (n = 35) from all 120 
patients and divided them into 2 groups according to progression rate: the progres- 
sion group (n = 22) and the nonprogression group (n = 13). Serum creatinine and 
urinary protein concentrations and blood pressure at the start of follow-up were 
higher in the progression group than in the nonprogression group, although we 
detected no significant difference between the 2 groups. Urinary L-FABP was signif- 
icantly higher in the former group than in the latter (P < .05). T he results showed that 
urinary L-FABP reflected the clinical prognosis of chronic renal disease. Urinary 
L-FABP may be a clinical marker that can help predict the progression of chronic 
glomerular disease . (J Lab Clin Med 2004;143:23-30) 

Abbreviations: BSA = bovine serum albumin; EUSA - enzyme-linked Immunosorbent assay; FFA 
= free fatty acid; L-FABP = liver-type fatty acid- binding protein; mAb = monoclonal antibody; 
a r MG = (^-microglobulin; NAG = N-acetyl-p-D-glucosaminidase; PBS = phosphate-buffered 
saline solution 



Increasing clinical and experimental evidence shows 
that the progressive nature of chronic glomerular 
disease depends significantly on tubulointerstitial 
involvement. 1 Recent studies have shown that urinary 
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protein has renal toxicity and contributes to the pro- 
gression of renal damage by causing tubulointerstitial 
disease. 2 " 6 FFAs bound to albumin 7 > 8 may play a role in 
the generation of tubulointerstitial disease. In massive 
proteinuria, FFAs are overloaded in the proximal tubule 
and induce inflammatory factors such as macrophage 
chemotactic factors, 9 which in turn aggravate urinary 
protein-related tubulointerstitial damage. 1 0-1 2 We 
showed that FFAs may be responsible for 1 mechanism 
leading to tubulointerstitial damage seen in massive 
proteinuria. 13 FFAs are overloaded in the proximal 
tubule not only in massive proteinuria but also in var- 
ious other kinds of stresses to the proximal tubule such 
as ischemia 14 and toxic insults, 15 both of which have 
been implicated in the progression of renal disease. 
FFAs loaded in the proximal tubule are believed to 
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Table I. Clinical and laboratory findings 

Variable n= 120 



J Lab Clin Med 
January 2004 

mid system (pMAL-cRI). 17 Spleen cells from immunized 
mice were fused with the murine myeloma line P3/X63-AG8 
6.5.3. 18 We selected hybridomas in a hypoxanthine arninop- 
terin thymidine medium and screened for antibody production 
using an ELISA and the purified recombinant L-FABP- 
coated plate. We obtained 18 positive clones by limiting 
dilution. Expanded cultures from 2 hybridomas, FABP-2 and 
FABP-L, were injected into the peritoneal cavities of 
pristane-primed mice, after which we collected ascitic fluid 
and fractionated it into IgG by means of protein A column 
chromatography. mAb FABP-2 was conjugated to horserad- 
ish peroxidase with the use of succinimidyl 4-(7V-maleim- 
idomethyl) cyclohexane-l-carboxylate, in accordance with 
the instructions of the manufacturer (Pierce Chemical Co, 
Rockford, IL). 

Establishment of ELISA for urinary L-FABP. We coated 96- 
well microtiter plates with 10 mg/L mAb FABP-L and incu- 
bated them overnight. Unreacted sites were blocked with PBS 
containing 10 g/L BSA overnight. The plates were then 
washed 3 times with PBS containing 0.5 g/L Tween-20 with 
1 g/L BSA and dried. 

We incubated 100 /aL of properly diluted standards or 
samples in the wells of each plate at room temperature for 1 
hour. They were then washed 4 times with PBS containing 
0.5 g/L Tween-20 and allowed to react with 100 /tL of 
horseradish peroxidase- conjugated FABP-2 for 1 hour. After 
4 more washes, 100 fxL of enzyme substrate (0-phenylene- 
dtiamine/H 2 0 2 ) solution was reacted at room temperature for 
30 minutes, after which the reaction was terminated with the 
addition of 100 fxL of 2 mol/L sulfuric acid. Absorbance was 
measured at 492 run on a microplate reader. 

We prepared standards for the assay by measuring the 
protein concentration of purified recombinant L-FABP using 
Lowry's method and adjusting to make up a series ranging 
from 0 to 400 ng/mL with PBS containing 10 g/L BSA. 

The reference value of urinary excretion of L-FABP was 
set after analysis of urine samples from healthy volunteers at 
Eiken Chemical Co Ltd (n — 97). None of the volunteers had 
a history of renal disease or abnormal finding on urinalysis. 

Clinical parameters of serum and ambulatory spot urine 
samples. Creatinine, total cholesterol, and triglyceride con- 
centrations were measured in serum; L-FABP, creatinine, 
total protein, NAG, and a % -MG concentrations were mea- 
sured in urine. We used enzymatic methods to measure serum 
and urinary creatinine, serum cholesterol, and triglyceride; 
the pyrogallol red-molybdate complex method to measure 
urinary protein; chlorophenol red-NAG as substrate to mea- 
sure urinary NAG; and the latex aggregation assay to measure 
a,-MG. Serum creatinine was measured every month or 
second month in the study patients. 

We divided the patients into 3 groups on the basis of 
urinary protein level: The "mild proteinuria" group (n = 76) 
consisted of patients with urinary protein of less than under 1 
g/g ■ cr, the "moderate proteinuria" group (n = 33) comprised 
patients with a value of 1 to 3 g/g * cr, and the "heavy 
proteinuria" group (n = 11) consisted of patients with values 
of more than 3 g/g ■ cr. We compared 3 groups with the level 
of urinary L-FABP. 



Age (yr)* 


45 ± 15 


Sex (%) 




Male 


77 (64) 


net l talc 


43 (36) 


Moan hloort nrpc^nro (mm Hoi* 


96 ± 14 


Qon im f^rocitinino fmn/HI 1* 
Oct ui ■ i ui Cain 111 ic \i i iy/ ULJ 


1 .0 ± 0.4 


Total cholesterol (mg/dL)* 


202 ± 41 


Triglyceride (mg/dL)* 


143 ± 93 


Urinary protein (g/g • cr)* 


1.1 ± 1.3 


Urinary NAG (IU/g * cr)* 


7.6 ± 6.1 


Urinary a1 -MG (mg/g • cr)* 


9.7 ± 9.9 


Urinary L-FABP (fxg/g ■ cr)* 


30.1 ±38.9 


Renal biopsy (%) 


89 (74) 


Minor glomerular abnormalities 


15 


Mesangial proliferative gfomeruloneph litis 


49 


Membranous nephropathy 


6 


Focal segmental glomerulosclerosis 


18 


Membranoprol iterative glomerulonephritis 


1 


Medication 1 " 




On 


73 


Off 


47 



*Da1a expressed as mean ± SD. 

■•"Medication included an anglotensin-converting enzyme Inhibi- 
tor, an angiotensin- 1 receptor antagonist, and steroids. 



be bound to cytoplasmic fatty acid- binding protein and 
transported to mitochondria or peroxisomes, where 
they are metabolized by j3-oxidation. In the human 
proximal tubules, L-FABP of 14.4 kD is expressed. 16 
Because renal L-FABP has not yet been investigated in 
patients with renal disease, we sought to clarify the 
clinical relevance of urinary excretion of L-FABP in 
chronic glomerular disease after developing specific 
mAbs against human L-FABP. 

METHODS 

Patient selection. We selected 120 nondiabetic adult pa- 
tients from the outpatient clinic of the University of Tokyo 
Hospital between 1997 and 2000 on the basis of a serum 
creatinine concentration less than 2.5mg/dL. Relevant clinical 
parameters were monitored every month or second month for 
more than 15 months, with no change in medication. In each 
patient the diagnosis of chronic glomerular disease had been 
made on the basis of renal biopsy (n = 89) or clinical history, 
and none had clinical or laboratory evidence of underlying 
systemic disease. Table I summarizes the clinical and labo- 
ratory findings of the subjects. This research was carried out 
in accordance with the principles of the Declaration of Hel- 
sinki; informed consent was obtained and our institutional 
review board approved the study. 

Development of specific mAbs against human L-FABP. 
BALB/C mice were subcutaneously injected once with 50 fjug 
of purified recombinant human L-FABP in Freund's complete 
adjuvant, and the same dose was injected after 2 weeks. We 
prepared recombinant human L-FABP using the fusion plas- 
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Clinical course and urinary L-FABP. In an effort to eval- 
uate the progression of renal disease, we analyzed the rela- 
tionship between time (months) and the reciprocal of serum 
creatinine. 19 ' 26 The progression rate of renal disease was 
defined as a slope of the regression line. In the patients whose 
serum creatinine fluctuated within the normal range during 
the follow-up period, the progression rate was evaluated as 
zero because the slope of the regression line did not represent 
the progression of renal disease in those patients. 

Moreover, we selected the patients with mild renal dys- 
function whose serum creatinine values were greater than the 
normal range (1.2 mg/dL in men, 0.9 mg/dL in women) from 
all the patients shown in Table I (« = 35). We divided these 
patients into 2 groups: The first group consisted of patients 
showing a slope of the regression line of less than —.001 (dL 
■ mg~' ■ month -1 ) (n = 22), the average of all 120 patients, 
and the second group comprised patients showing a slope of 
the regression line of more than — .001 (dL • mg" 1 • month - 1 ) 
(n = 13). We compared the 2 groups with regard to clinical 
parameters at the start of follow-up, histologic diagnosis, 
presence or absence of medication, and duration of follow-up. 

Statistical analysis. Data are expressed as the mean ± SD. 
To clarify the relationship between urinary L-FABP and 
clinical parameters and the relationship between the progres- 
sion rate and clinical parameters, we applied multiple-regres- 
sion analysis based on the stepwise method. Differences in 
parameters among the 3 groups were analyzed with Schefre's 
multiple-comparison procedure after the Kruskal-Wallis test 
was performed. To compare the parameters from the 2 
groups, we used the Mann- Whitney U test for unpaired data 
and the Wilcoxon rank-sum test for paired data. We con- 
ducted comparisons of categorical variables between the 2 
groups using Fisher's exact probability test. These statistical 
analyses were performed with a software program for the 
Macintosh operating system (Stat View 5.0; SAS Institute, 
Inc., Cary, NC). P values of less than .05 were considered 
statistically significant. 

RESULTS 

EUSA for urinary L-FABP. The within- as say variance 
was between 6.1%, 4.9%, and 3.8% (coefficient of 
variation) when 8 replicates were performed on urine 
samples with L-FABP concentrations of 13.5, 45, and 
125 ng/mL, respectively. We evaluated between-assay 
variability by measuring the same 3 samples in each 
plate for 10 days. The coefficients of variation were 
6.6%, 4.2%, and 5.1%, respectively. The recovery of 
L-FABP values was between 90% and 100% when 
purified recombinant L-FABP was added in concentra- 
tions of 50, 100, and 200 ng/mL to urine samples. 
Serial dilutions of urine samples with L-FABP concen- 
trations of 15, 94, and 270 ng/mL were linear. 

The reference value of urinary excretion of L-FABP 
was analyzed in 26 male and 71 female volunteers. The 
average age of our healthy volunteers was 33.0 ±7.5 
years, and no sex-related statistical difference was de- 
tected. The reference value of urinary L-FABP was 6.5 
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Fig 1. Distribution of urinary excretion of L-FABP in healthy vol- 
unteers and patients with various renal diseases. MGN = patients 
with mesangial proliferative glomerulonephritis; FGS = patients 
with focal segmental glomerulosclerosis; MC — patients with minor 
glomerular abnormalities; MN — patients with membranous nephron- . 
athy; MPGN = patient with membranoproliferative glomerulonephri- 
tis. +P < .0001 vs healthy volunteers; SP < .0005 vs healthy 
volunteers; MP < .05 vs healthy volunteers. 

±5.4 ng/mL, or 5.2 ± 3.6 /xg/g * cr in healthy volun- 
teers (n = 97), whereas the level of urinary L-FABP 
was 3L9 ± 48.0 ng/mL, or 30.1 ± 38.9 ^g/g • cr in the 
patients with chronic glomerular disease (« = 120). 
The urinary L-FABP concentration was significantly 
higher in the patients with chronic glomerular disease 
than in healthy volunteers (P < .0001). 

We selected the patients with chronic glomerular 
disease diagnosed on the basis of renal-biopsy findings 
(w = 89) (Fig 1). Compared with urinary excretion of 
L-FABP in healthy volunteers, urinary excretion of 
L-FABP was significantly increased in the patients with 
mesangial proliferative glomerulonephritis (25.5 ± 
36.7 fig/g • cr; P < .0001, n = 49), focal segmental 
glomerulosclerosis (42.9 ± 42.7 Mg/g • cr; P < .0001, 
n = 18), membranous nephropathy (43.0 ±29.6 jjig/g 
* cr; P < .0005, n = 6), and minor glomerular abnor- 
malities (18.8 ± 37.4 /xg/g * cr; P < .05, n = 15). The 
urinary L-FABP concentration in the patients with 
membranoprohferative glomerulonephritis was 24.6 
jig/g • cr (n =■ 1). 

Clinical parameters correlated with urinary L-FABP. 
When we conducted a stepwise regression analysis 
using urinary L-FABP as a dependent variable and 6 
clinical independent variables (serum creatinine, serum 
total cholesterol, serum triglyceride, urinary protein, 
urinary NAG, and urinary a r MG), urinary L-FABP 
was found to be significantly correlated with urinary 
protein (F = 24.2), urinary a r MG (F = 13.1), and 
serum creatinine (F = 1 1 .9) (r = .76, P < .0001; Table 
11). 
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Table III. Stepwise regression analysis for 
progression rate of renal disease 



at 
a 

P 



Group of Group of Group of 

mild moderate heavy 

proteinuria proteinuria proteinuria 

Fig 2. Urinary excretion of L-FABP in the patients divided into 3 
groups on the basis of urinary protein concentration. Urinary excre- 
tion of L-FABP was significantly greater in the heavy-proteinuria 
group than in the mild- and moderate-proteinuria groups. Urinary 
excretion of L-FABP was significantly greater higher in the moder- 
ate-proteinuria group than in the mild-proteinuria group. 
*P < .0001 vs mild-proteinuria group; IP < .0005 vs the mild- 
proteinuria group; 8lP < .001 vs the moderate-proteinuria group. 



Table II. Stepwise regression analysis for urinary 
excretion of L-FABP 



Independent variables 



F ratio 



Serum creatinine 

Total cholesterol 

Triglyceride 
Urinary protein 

NAG 

oh-MG 



11.9* 
0.01 
0.23 

24.2* 
0.03 

13.1* 



•Statistically significant. 

In the heavy-, moderate-, and mild-proteinuria 
groups, urinary L-FABP levels were 88.2 ± 60.4, 43.9 
± 34.4, and 15.8 ± 25.0 yxg/g * cr, respectively. Uri- 
nary L-FABP levels in the heavy-proteinuria group 
were significantly higher than those in the moderate- 
proteinuria group (p < .001) or those in the mild- 
proteinuria group (P < .0001). Urinary L-FABP levels 
in the moderate-proteinuria group were significantly 
higher than those in the mild-proteinuria group (P < 
.0005; Fig 2). 

Clinical course and urinary L-FABP. Patients were 
monitored for 27.3 ± 9.4 months (range 15-51 
months). The slope-of-regression line was -.001 ± 
.004 (dl • mg _1 • month - ] ).(ln the stepwise regression 



Variables 



F ratio 



Serum creatinine 




1.5 


Total cholesterol 




1.5 


Triglyceride 




0.2 


Urinary protein 




2.0 


NAG 




0.1 


ol-MG 




0.2 


L-FABP 




17.1* 


Age 




0.1 


Mean blood pressure 




0.4 


Duration of folJow-up 




0.0 


'Statistically significant. 






Table IV. Comparison of background in group 1 


(progression group) and group 2 (nonprogression 


group) 








Group 1 


Group 2 


Variable 


(" = 22) 


(n= 13) 


Age (yr)* 


51 ± 17 


50 ± 10 


Sex 






Male 


17 


8 


Female 


5 


5 


Follow-up (mo)* 


26.1 ± 8.6 


23.8 ± 12.5 


Histologic diagnosis 






Minor glomerular abnormalities 


2 


0 


Mesangial proliferative 


5 


7 


glomerulonephritis 






Membranous nephropathy 


1 


1 


Focal segmental glomerulosclerosis 


6 


0 


Unknown 


8 


5 



*Dota expressed as mean ± SD. 



analysis with 10 clinical independent variables (urinary 
excretion of L-FABP, serum creatinine, serum total 
cholesterol, serum triglyceride, urinary protein excre- 
tion, urinary NAG, urinary a,-MG, age, mean blood 
pressure, duration of follow-up) on all of the patients 
shown in Table 1, t he progression rate was corre lated 
only with the urinary excretion of L-FABP (F = 1 7. 1 : 
r = .36, P < .0001; Table llD j Neither sex nor the 
presence of medication influencea the progression rate 
(data not shown). We selected the patients with mild 
renal dysfunction described above from the patients 
shown in Table 1 and divided them into 2 groups, the 
first with progression of renal disease and the second 
group without progression (Table IV). We confirmed 
that the slope-of-regression line was significantly lower 
in group 1 than in group 2 (P < .0001; Fig 3, A and B). 
In the first group, serum creatinine was significantly 
increased, from 1 .7 ± .4 to 2.5 ± 1.5 mg/dL, at the end 
of follow-up, 26.1 ± 8.6 months (P < .0001; Fig 3, Q. 
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Group l(n=22) 



Group 2 (n=13) 




Follow-up period, month 



start time 



end time 



a 

o 

t 

e 

■a 



2 



& 

o 

Oh 



a 




140 
120 



100 



Group 1 



Group 2 




Group 1 



Group 2 



Group 2 



Fig 3. Comparison of the progression rate and clinical parameters in 
groups 1 (disease progression) and 2 (nonprogression). A, Reciprocal 
of serum creatinine. The vertical axis shows the reciprocal of serum 
creatinine, and the horizontal axis shows the follow-up periods for 
groups I and 2. B, Progression rate in groups 1 and 2. Progression rate 
was confirmed to be significantly slower in group 1 than in group 2. *P 
< .0001 vs group 2. C, Serum creatinine levels in groups 1 and 2 at the 
start and end of follow-up. Serum creatinine at the start of follow-up 
was not significantly different between the groups. In group 1 , serum 
creatinine concentration was significantly increased, from 1 .7 ± 0.4 to 
2.5 i 1.5 mg/dL, at the end of follow-up, 26.1 ± 8.6 months. In group 
2, serum creatinine was significantly decreased, from 1.4 ± 0.4 to 1.3 
± 0.3 mg/dL, at the end of follow-up, 23.8 ± 12.5months. *P < .0001 
vs group 1 at the start of follow-up; UP < .05 vs group 2 at the start of 
follow-up. D, Urinary protein levels in groups 1 and 2. Urinary protein 
at the start of follow-up was not significantly different between groups 
1 and 2. E, Mean blood pressure in groups 1 and 2. Blood pressure at 
the start of follow-up was not significantly different between groups 1 
and 2. F, Urinary L-FABP levels in groups and 2. Urinary L-FABP was 
significantly higher in group 1 than in group 2. UP < .05 vs group 2. 
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Meanwhile, in the second group, serum creatinine was 
significantly decreased, from 1.4 ± .4 to 1.3 ± .3 
mg/dL, at the end of the follow-up, 23.8 ± 12.5 months 
(P < .05; Fig 3, Q. Serum creatinine (Fig 3, Q, urinary 
protein (Fig 3, £>), and mean blood pressure (Fig 3, E) 
at the start of follow-up were higher in group 1 than in 
group 2, although the difference was not significant. 
Only urinary L-FABP was significantly higher in the 
former group than in the latter (P < .05; Fig 3, F). Sex, 
histologic diagnosis, the presence or absence of medi- 
cation, and duration of follow-up were not significantly 
different between the 2 groups. 

DISCUSSION 

We developed specific mAbs against human L-FABP 
to clarify the clinical relevance of urinary L-FABP in 
chronic glomerular disease. We have shown urinary 
L-FABP to be a clinical parameter that reflects the 
progression of renal disease and have determined that 
this value was higher in the group demonstrating pro- 
gression of renal disease than in the patients in whom 
disease was not progressing. Therefore we propose that 
urinary L-FABP has promise as a clinical marker to 
predict and monitor the progression of chronic glomer- 
ular disease. Such a predictor will contribute to the 
treatment of renal disease. 

To investigate the clinical significance of urinary 
L-FABP, we measured urinary L-FABP using ambula- 
tory spot urine samples because these samples were 
easy to obtain in the outpatient clinic and contamination 
of such samples is less than that in 24-hour urine 
collections. The Cockroft-Gault formula, or MDRD 
formula, for the evaluation of creatinine clearance is 
not suitable in Japanese patients, whose urinary excre- 
tion of creatinine decreases less with age than it does in 
Europeans and Americans. 27 We therefore denned pro- 
gression of renal disease as the slope of the reciprocal 
of serum creatinine. 23 " 26 

In the human kidney, 2 types of FABP have been 
localized. 16 One, the liver type, is expressed in the 
proximal tubule; the other, a heart type, is expressed in 
the distal tubule. L-FABP, a small protein of 14.4 kD, 
is a carrier protein that transports fatty acids to mito- 
chondria or peroxisomes, where fatty acids are metab- 
olized by way of /3-oxidation. The transcription of 
L-FABP gene is promoted by FFAs. 28 Recent evidence 
suggests that L-FABP transports FFAs from the cytosol 
to the nucleus 29,30 and interacts with the nuclear pro- 
tein, peroxisome proliferator-activated receptor, 31 
which is a nuclear target for FFAs and initiates gene 
expression of enzymes involved in lipid metabo- 
lism. 32,33 L-FABP may thus play a key role in fatty- 
acid metabolism in the proximal tubules, being induced 
by fatty acids per se. 



As FFAs are bound to serum albumin, 7,8 filtered 
through glomeruli, and reabsorbed into the proximal 
tubule along with albumin, fatty acids are overloaded in 
the proximal tubule in massive proteinuria. Nonoxi- 
dized fatty acids appear to be cytotoxic by peroxida- 
tion 34,35 and induce some chemoattractants from the 
proximal tubules, 9 which in turn progress to tubuloin- 
terstitial damage. 13 These are supported by clinical 
findings that proteinuria is a major factor in the pro- 
gression of renal disease. 2 " 6 

Tubulointerstitial inflammation induced by lipid tox- 
icity may be provoked not only by proteinuria but also 
by other stresses such as ischemia 34,35 and toxins. 36,37 
We therefore hypothesize that various stresses to the 
proximal tubule tend to overload fatty acids in the 
cytoplasm and thereby damage tubules with the release 
of inflammatory factors. In this way, tubulointerstitial 
inflammation is provoked and renal function deterio- 
rates over time. 

Because we detected a significant correlation of uri- 
nary L-FABP with urinary protein, we assumed that 
urinary protein induced excretion of L-FABP. To con- 
firm this supposition, we prepared human L-FABP 
gene transgenic mice and made a protein-overload 
model. In control transgenic mice, human L-FABP was 
immunohistochemically identified in the proximal tu- 
bule and not detectable in urine. In the protein-overload 
model, Northem-blot analysis showed up-regulation of 
human L-FABP gene expression and massive amounts 
of L-FABP were excreted into urine (unpublished ob- 
servations). The results suggest that stresses on the 
proximal tubules, such as urinary protein, induce up- 
regulation of human L-FABP gene expression and ac- 
celerate excretion of L-FABP from the proximal tubule, 
resulting in an increase in urinary excretion of L-FABP. 
From the clinical findings reported herein and the ex- 
periments involving transgenic mice, we hypothesize 
that a variety of stresses, such as massive proteinuria 
and ischemia, cause an overload of FFAs in the prox- 
imal tubules and exacerbate tubulointerstitial damage. 
L-FABP gene expression is increased and L-FABP 
accelerates fatty-acid metabolism by carrying them to 
mitochondria or peroxisomes. Moreover, the results 
suggest that L-FABP helps maintain a low level of fatty 
acids in the cytoplasm by being excreted from the 
proximal tubules into urine together with fatty acids. 
This mechanism should be clarified in a future study. 

It is widely confirmed that quantification of urinary 
protein helps physicians predict the risk of disease 
progression and the risk of dialysis for individual pa- 
tients. 5,6 However our results show that the progression 
rate was less correlated with urinary protein than with 
urinary excretion of L-FABP. Our patients' average 
urinary protein value was relatively modest and their 
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characterization might be limited. To demonstrate the 
exact diagnostic validity of urinary L-FABP as a pre- 
dictor, we are planning a multiple-institution study. 

In conclusion, urinary excretion of L-FABP may 
reflect various kinds of stresses that cause tubulointer- 
stitial damage, such as those caused by urinary protein 
on the proximal tubule, and may therefore be unique 
clinical marker of the progression of chronic renal 
disease. 
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